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The fermentation process for Puer tea, a unique Chinese tea produced by microbial activities, was investigated 
by physicochemical and microbial analyses. The temperature of a windrow-shaped pile of tea leaves increased 
instantly at the beginning of fermentation and stayed at around 50 °C until day 35, then decreased gradually to 
room temperature at the end of fermentation, at day 50. Water content was approximately 30% or less, and pH 
value was maintained at a weakly acidic level of 5 to 6 throughout the fermentation, conditions that are 
favorable for propagation of fungi including yeasts. Polyphenol, the characteristic component of tea leaves, 
decreased continually from day 10 to day 50 of fermentation, corresponding well with the fact that the total 
concentration of fungi steadily increased during the same period. PCR followed by denaturing gradient gel 
electrophoresis (DGGE) analysis revealed that there were at least two major fungi: Aspergillus niger, which has 
been well known among Puer tea manufacturers, and Blastobotrys adeninivorans, which is newly recognized in 
the present study. Furthermore, both of these fungi were observed in the DGGE fingerprint when other 
commercial Puer tea products were analyzed. These results prompted us to deduce that both A. niger and B. 
adeninivorans play important roles in the nutritional enhancement of tea leaves during Puer tea fermentation. 
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1. Introduction 


Puer tea is a unique fermented tea manufactured in the Yunnan 
province of China. It has been consumed by Chinese people for cen- 
turies, and has recently become popular in Japan as well, as a functional 
beverage. Puer tea is believed to have an anti-obesity effect; in fact, its 
hypolipidemic function against rats has been demonstrated (Sano 
et al., 1986; Kuo et al., 2005). Its antioxidative properties have also been 
reported (Duh et al., 2004; Jie et al., 2006). 

Like other traditional fermented foods and drinks, Puer tea is made 
by empirical procedures. The manufacturing process can be outlined as 
follows: fresh tea leaves collected from farmland are heat-treated to 
inactivate the enzymes contained in the tea leaves and dried thereafter. 
This heat treatment allows tea leaves to be stored for longer periods. 
Then they are combined with an adequate amount of water and piled 
into a windrow shape in the fermentation room. Microorganisms 
inhabiting the straw mat covering the pile and/or in the room infect the 
tea leaves. Changes in the color and flavor of the leaves are checked 
during the fermentation process, and the endpoint of fermentation is 
decided by an experienced manufacturer. Puer tea is distinctive among 
various processed teas such as black tea since microorganisms 
contribute to the fermentation process. 

In previous studies several fungi emerging in the fermentation 
process of Puer tea have been isolated and their contributions to the tea 
maturation have been discussed. Xu et al. (2005) observed Aspergillus 
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niger as the dominant microorganism involved in the fermentation 
process and investigated the development of volatile compounds 
during the process by means of GC/MS. They deduced that some of the 
volatile compounds were derived from the action of microbial 
enzymes and hypothesized that A. niger plays a decisive role in the 
development of the volatile compounds. Among manufacturers of Puer 
tea, A. niger is the most common fungus appearing in the fermentation 
process, probably because A. niger produces a distinctive black-colored 
colony on an agar medium. Gong et al. (1993) isolated three strains of 
basidiomycetes from Puer tea and confirmed that 1,2-dimethoxy-4- 
ethybenzene and 1,2,3-trimethoxy-5-methylbenzene, both of which 
are contained in hot water extracts of Puer tea, were produced in the 
mixed culture of these strains. Both of these studies identified the fungi 
by culture-dependent methods. 

In 1993, Muyzer et al. introduced a molecular biological method to 
the analysis of complex microbial communities. The technique is based 
on the separation of PCR-amplified fragments of genes coding for rRNA 
by denaturing gradient gel electrophoresis (DGGE) (Muyzer et al., 
1993). Usually, rRNA-targeting PCR and subsequent DGGE analysis is 
applied to assess the structure of microbial communities in environ- 
mental samples without cultivation and to determine community 
dynamics in response to environmental variations. This technique has 
shown great potential in analyzing samples from natural environ- 
ments and has also been applied to the study of microbial fermenta- 
tions in food and food-related ecosystems (Haruta et al., 2006; Florez & 
Mayo, 2006; Camu et al., 2007; Di Maro et al., 2007). 

In this study, the fermentation process of Puer tea was monitored 
by measuring temperature, water content and pH, and polyphenol 
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content was analyzed because not only polyphenol was an astringent 
ingredient but also some polyphenols contained in the teas had the 
physiological functions (Friedman et al., 2007; Lin & Lin-Shiau, 2006; 
Lo et al., 2006). Fungi emerging in the process were also analyzed by 
both culture-dependent dilution plating and culture-independent 
PCR-DGGE methods. 


2. Materials and methods 
2.1. Tea leaf samples and process characterization 


Tea leaf samples under the fermentation process were obtained 
from K Company at Fuken in China. At the factory, harvested tea leaves 
were first parched in a rotary kiln at about 250 °C for 2 min to inactivate 
the indigenous enzymes in the tea leaf. Then the leaves were softened 
by mixing, and dried under sunlight. To promote microbial activity at 
the start of fermentation, water was scattered on the leaves until their 
water content reached about 30%. Leaves were piled in a windrow 
shape (1.0 m in height 20 m in length) in the fermentation room, and 
straw mats were laid over the pile to prevent water vaporization from 
the pile. Microorganisms are thought to infect the leaves from the mats 
and/or the ambient atmosphere. During the fermentation, leaves were 
turned over roughly once a week to ensure the homogeneity of the 
fermented tea. 

Tea leaf samples were collected from the piles on days 0, 1, 6, 10, 14, 
22, 35, and 50 of the fermentation process and were subjected to phy- 
sicochemical and microbial analyses. Temperatures at the center of the 
pile (about 40 cm in depth) were also measured each day. A 1-gram leaf 
sample was suspended in 9 mL of distilled water using a homogenizer 
(CM-100, AS ONE Corporation, Osaka, Japan) at 10* rpm for 10 min, and 
the pH of the suspension was measured. The water content of the leaf 
samples was calculated after drying at 105 °C for 3 days. Three inde- 
pendent measurements of pH and water content were performed on 
each sample. 


2.2. Polyphenol content 


The polyphenol content of leaf samples was determined by the 
Folin-Denis assay according to method 9110 (AOAC, 1980). The Folin 
regent was prepared as follows: 25 g of sodium tungstate, 5 g of phos- 
phomolybdic acid and 12.5 mL of phosphoric acid were added to 
180 mL of distilled water and boiled for 2 h. Then, enough distilled 
water was added to the solution to obtain 1 L of the reagent. 

One to five grams of tea leaf sample was boiled in 100 mL of distilled 
water for 60 min for the extraction of polyphenols, and the solution 
was filtered to remove the residues. Five mL of the extract was mixed 
with the same volume of Folin regent and left for 3 min. Then, 5 mL of 
sodium carbonate was added and left for 60 min. The reaction mixture 
was centrifuged at 3000 rpm for 5 min, and absorbance of the super- 
natant at 700 nm was measured. A standard curve was prepared using 
tannic acid solution, and the polyphenol content of the sample was 
expressed as the equivalent concentration of tannic acid. Three inde- 
pendent measurements were done on each sample in order to check 
the reproducibility of the obtained data. 


2.3. Cultivation conditions of fungi in the Puer tea 


A 3-gram leaf sample was suspended in 27 mL of sterile distilled 
water by using the homogenizer at 107 10* rpm for 10 min. Then the 
suspension was serially diluted in sterile distilled water and spread 
onto agar plates of rose bengal medium (Kanto Chemical Co.) with 
chloramphenicol, a medium suitable for fungal colony counting. Rose 
bengal agar medium contained (L™'): 20 g agar, 2.0 g KH2PO,, 0.5 g 
MgS0,:7H20, 5.0 g bacto-peptone, 10 g p-glucose, and 0.033 g rose 
bengal. Chloramphenicol was added to the rose bengal agar medium to 
a final concentration of 30 pg/mL. Triplicate plates were prepared for 


the colony counting of each sample. Means and 95% confidence inter- 
vals were calculated. 

For purification of fungi appearing on the rose bengal agar medium, 
potato-dextrose medium was used. Potato-dextrose medium con- 
tained (L"'): 200 g potato exudate and 20 g p-glucose. Cultivation was 
performed at 30 °C for 3 days. 


2.4, DNA extraction 


A 3-gram leaf sample was suspended in 27 mL of sterile distilled 
water and the suspension was briefly centrifuged at 3000 rpm for 
1 min to remove the leaf residue. The supernatant was then centri- 
fuged at 20,000 rpm for 10 min to recover the microorganisms as a 
pellet. DNA extraction from the resulting pellet was conducted using 
ISOIL for Beads Beating kit (No. 319-06201, Nippon Gene Co., Ltd., 
Toyama, Japan) according to the manufacturer’s instructions. The DNA 
preparation was used as a template for the PCR. 


2.5. PCR amplification of the 26S rRNA gene fragment for DGGE 


The primers used in this study for DGGE analysis are NL1F-GC, 5’- 
CGCCCGCCGCGCCCCGCGCCCGTCCCGCCGCCCCCGCCCGGCATATCAATAA- 
GCGGAGGAAAAG-3’ (Saccharomyces cerevisiae positions -25-0), and 
LS2R, 5’-ATTCCCAAACAACTCGACTC-3’ (S. cerevisiae positions 203- 
222) (Rantsiou et al., 2006). The sequence in italics is a GC clamp. PCR 
amplification was performed using TaKaRa LA Taq (RROO2A, TaKaRa 
Bio INC., Otsu, Japan). Amplifications were carried out in a final volume 
of 25 pL, containing 1 pL of template DNA, 2.5 pL of 10x LA PCR Buffer 
(Mg** free), 2.5 pL of 25 mM MgCl (final 2.5 mM), 4 wL of dNTP Mixture 
(2.5 mM each), 0.25 pL of TaKaRa LA Taq polymerase (5 units/pL), 
0.25 uM each primer, and 15 pl of sterilized distilled water. Reactions 
were run for 30 cycles of denaturation at 95 °C for 60 s, annealing at 
52 °C for 45 s, and extension at 72 °C for 60 s. An initial denaturation at 
95 °C for 5 min and a final extension at 72 °C for 7 min were also carried 
out. Six pL of each PCR mixture was analyzed by electrophoresis in a 
1.0 Tris-borate-EDTA (TBE) agarose gel. 


2.6. DGGE analysis 


The DCode Universal Mutation Detection system (Bio-Rad, Her- 
cules, Calif.) was used for DGGE analysis. Electrophoresis for PCR pro- 
duct obtained with primers NL1F-GC and LS2R was performed in the 
polyacrylamide gel (8% wt/vol acrylamide-bisacrylamide at 37.5:1), 
using a denaturant gradient from 30 to 60% (100% corresponding to 
7 Murea and 40% wt/vol formamide), increasing in the direction of the 
electrophoretic run. Electrophoretic run was carried out at a constant 
temperature of 60 °C in 1.25x Tris—acetate-EDTA (TAE) for 4h at 120 V. 
After the electrophoresis, gel was stained for 30 min in 200 mL of 1.25x 
TAE containing 20 uL of ethidium bromide solution, and visualized 
under UV light. Image was digitally captured and analyzed with Epi- 
LightUV FA500 (Taitec Co., Ltd., Kosigaya, Japan) for the recognition of 
the bands present. 


2.7. Sequence of DGGE bands and sequence analysis 


The DGGE gel bands were excised, washed with ethanol, and put 
into a diffusion buffer (0.5 M ammonium acetate, 10 mM magnesium 
acetate, 1 mM EDTA at pH 8.0, and 0.1% SDS). After freezing at -20 °C 
and incubating at 50 °C for 30 min to allow DNA to diffuse from the gel, 
DNA was recovered from the solution using a QIAEX II gel extraction kit 
(Qiagen, Tokyo, Japan). PCR re-amplification was performed with the 
same primers and reaction conditions as described above. The re- 
amplified PCR product was examined by DGGE to confirm that single 
bands were present at the same positions. The sequencing reaction was 
carried out with a BigDye kit (Perkin Elmer Japan, Applied Biosystems 
Division) according to the manufacturer’s instructions. 
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2.8. Identification of isolated fungi 


DNA extraction from isolated fungi was performed using a culture 
broth cultivated at 30 °C in potato potato-dextrose medium. The 
culture broth was centrifuged at 20,000 rpm for 10 min in order to 
recover the cell of the fungi as a pellet, and the resulting pellet was 
subjected to DNA extraction using ISOIL for Beads Beating kit. The 
extracted DNA of the isolated fungi was subjected to amplification of 
the ITS-1 region fragment or 26S (28S) rRNA gene region fragment. The 
primers used for the amplification of the ITS-1 region were ITS1F, 5’- 
GTAACAAGGT(T/C)TCCGT-3’, and ITS1R, 5’-CGTTCTTCATCGATG-3’, 
and PCR amplification was performed using TaKaRa Ex Taq (RROO1A, 
TaKaRa Bio INC., Otsu, Japan). Amplification was carried out in a final 
volume of 50 pL, containing 1 wL of template DNA, 5 pL of 10x Ex Taq 
Buffer, 4 wL of dNTP Mixture (2.5 mM each), 1 pL of TaKaRa Ex Taq 
polymerase (5 units/1L), 0.25 pM each primer, and 39 wu of sterilized 
distilled water. The reaction was run for 30 cycles of denaturation at 
94 °C for 30s, annealing at 55 °C for 60 s, and extension at 72 °C for 60s. 
An initial denaturation at 94 °C for 60 s and a final extension at 72 °C for 
3 min were also carried out. The primers used and PCR conditions for 
the amplification of 26S rRNA gene region were the same as those used 
for PCR-DGGE analysis. The PCR product was subjected to the sequence 
analysis and the sequencing reaction was carried out with a BigDye kit 
(Perkin Elmer Japan, Applied Biosystems Division) according to the 
manufacturer’s instructions. 


3. Results 
3.1. Characterization of the fermentation process 


The fermentation process was characterized by measuring tem- 
perature, pH and water content. The temperature at the center of the 
piles was the same as the ambient temperature at the beginning of the 
process. Then, it increased immediately at the initial stage of fermen- 
tation and stayed at around 50 °C until day 35. Then it gradually de- 
creased to room temperature from days 35 to 50 (Fig. 1). The water 
content of the raw material was as low as 10%, since tea leaves were 
treated by heat to inactivate indigenous enzymes and then dried. At the 
beginning of the process, the water content was adjusted to around 
30% in order to encourage the activity of microorganisms. The water 
content decreased gradually through the process of fermentation, 
reaching 16% at day 50 (Fig. 2). The pH value of the starting material 
was 5.5 and fell slightly at the early stages of fermentation, then 
remained at around 4.6 until day 35 and finally rose to 5.9 in the end 
(Fig. 2). As a whole, the water content was below about 30% and the pH 
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Fig. 1. Time courses of temperature of the pile of tea leaves and total concentration of 
fungi during the fermentation process for Puer tea. Error bars on the total concentration 
of fungi indicate 95% confidence intervals for the averaged values (n=3). 
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Fig. 2. Time courses of water content and pH during the fermentation process for Puer 
tea. Error bars on the pH and water content indicate 95% confidence intervals for the 
averaged values (n=3). 


was about 5 to 6 during the fermentation, conditions that are favorable 
for propagation of fungi rather than bacteria. 


3.2. Polyphenol content 


The polyphenol content of the tea leaves determined by the Folin- 
Denis method was shown in Fig. 3. The initial total polyphenol content 
was 22%, and little change was observed until day 6. Then it started 
decreasing, finally reaching 10% at day 50 of fermentation. 


3.3. Fungal population assessed by dilution plating method 


The concentration of fungi measured by the dilution plating me- 
thod changed with the progress of fermentation (Fig. 1). The concent- 
ration of fungi at day 0 was below the detectable level, i.e. 2log CFU/g- 
dry weight. As early as day 1 of fermentation, 6log CFU/g-dry weight of 
fungi had appeared along with the immediate increase in temperature, 
indicating that it took merely one day of fermentation for microorgan- 
isms to be activated in the pile of the tea leaves. Then, the population 
decreased slightly until day 10 and increased again to the end of fer- 
mentation. There were noticeable colonies of filamentous fungus with 
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Fig. 3. Time course of polyphenol content in the tea leaves during the fermentation 
process for Puer tea. Polyphenol content was expressed as the equivalent concentration 
of tannic acid. Error bars on the polyphenol content indicate 95% confidence intervals 
for the averaged values (n=3). 


202 M. Abe et al. / International Journal of Food Microbiology 124 (2008) 199-203 


black color throughout the fermentation process. The fungus was 
isolated and designated as the strain MPT1. Sequence analyses of ITS-1 
region and 28S rRNA gene fragment of the MPT1 revealed that the 
MPT1 is a close relative of A. niger (DDBJ accession No. AB353081; 
identity 270/272 for ITS-1 region, AB355598; identity 203/203 for 28S 
rRNA gene fragment). Another fungus with a non-mold type colony 
appearing overwhelmingly dominant at the later stages of fermenta- 
tion was isolated and designated as strain YPT1. Sequence analysis of 
the 26S rRNA gene fragment revealed that YPT1 is affiliated with 
Blastobotrys adeninivorans (DDBJ accession No. AB353080; identity 
206/206). 


3.4. PCR-DGGE analysis 


A DGGE image obtained from amplification of the 26S (28S) rRNA 
gene fragment derived from Puer tea samples is shown in Fig. 4. There 
are two distinct bands (bands a and b in Fig. 4), which appeared 
consistently for certain periods (days 14 to 50 for band a; days 1 to 35 
for band b) during the fermentation process. These bands were also 
observed when two Puer tea products available in Japan, Product I 
(imported and sold by Ichikawa-en Co. LTD., Shinjuku, Japan) and F 
(imported and sold by Fukuju-en Co. LTD., Aichi, Japan) were analyzed 
by the same procedure (the result of Product F is not shown here for the 
sake of brevity). Bands a and b were excised from the DGGE gel and 
sequenced. The nucleotide blast of these sequences indicated that 
band a is derived from a fungus closely related to B. adeninivorans 
(DDBJ accession No. AB353079; identity 206/206) and band b is 
derived from a fungus closely related to A. niger (DDBJ accession No. 
AB353078; identity 203/203). When the isolated fungi MPT1 and YPT1 
were subjected to PCR-DGGE analysis, bands were observed at 
positions identical to those of the corresponding bands (Fig. 4), and 
it was confirmed that the fungi responsible for the bands in the DGGE 
analysis also appeared in the plate culture. 

After day 10 of fermentation, the concentration of fungi kept 
increasing (Fig. 1) and in the DGGE fingerprint, band a appeared 
constitutively while band b tapered off. In the dilution plating assay, 
colonies corresponding to MPT1 were observed at a constant level 
until the end of fermentation, but the relative concentration of MPT1 in 
the total concentration of fungi decreased during this phase. The PCR- 
DGGE method always includes biases at the PCR step, and specific 
DNAs contained at small amounts relative to the total DNA serve poorly 
as templates. Therefore, the fading out of band b was thought to be a 
result of the decrease in the relative population of MPT1 against the 
total one. 
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Fig. 4. PCR-DGGE fingerprint for the leaf samples taken from the fermentation process 
and the isolated fungi MPT1 and YPT1. DNA fragments of the large subunit rDNA were 
amplified by PCR and subjected to DGGE analysis. Two prominent bands (indicated by a 
and b) were excised, and purified fragments were sequenced. 


4. Discussion 


The fermentation process of Puer tea was examined to elucidate the 
mechanisms of the microbial conversion of the tea leaves. The raw 
material of Puer tea is identical to that of green tea. Due to microbial 
treatment, various changes occur in the tea leaves. The color turns from 
green to brown, and a particular fragrance is produced. Besides these 
changes in the sensory aspects, Puer tea acquires characteristic 
physiological functions such as hypolipidemic as well as antioxidative 
properties (Sano et al., 1986; Duh et al., 2004; Kuo et al., 2005; Jie et al., 
2006). Despite the microbial improvement of the tea leaves, little has 
been known about the microbial community involved in Puer tea 
fermentation and its roles in the chemical transformation of the tea 
leaf constituents. In this study, the physicochemical characteristics of 
the tea leaves and population dynamics of the fungi during the Puer tea 
fermentation process were examined in order to investigate the fungal 
activities during the fermentation process and their effects on the tea 
leaves. Duplicate runs were conducted in order to ensure the 
reproducibility of the obtained data, and similar results were obtained 
in the measurements of temperature, water content, pH, and poly- 
phenol content, and microbial analyses. These data have been omitted 
for the sake of brevity. 

Some Aspergillus species are employed in the manufacturing 
process of fermented foods or drinks, A. oryzae and A. sojae are used 
in the fermentation of soy sauce and miso. A. awamori is used for the 
production of awamori (millet spirits), and A. glaucus is used in the 
manufacturing of smoked dry bonito (Japanese traditional food known 
as katsuobushi). In all these cases, Aspergillus species play an important 
role in the improvement of taste by decomposing proteins and/or 
lipids and producing unique flavors. Aspergillus species, especially 
GRAS-designated strains, produce and secrete a variety of enzymes 
including a-amylases, glucoamylases, cellulases, pectinases, xylanases 
and other hemicellulases, and proteases (Ward et al., 2005). MPT1, a 
close relative of A. niger, appeared at an early stage in the Puer tea 
fermentation process and remained constant to the end of fermenta- 
tion. Therefore, it is highly probable that relatives of A. niger serve in 
the improvement in taste of the tea leaves. 

Aspergillus species, especially section Nigri can produce ochratoxin 
A (Abarca et al., 2001; Magnoli, 2007); furthermore, Frisvad et al. 
(2007) reported that fumonisin Bz was also produced by A. niger. 
Therefore, the isolate MPT1 was tested for production of ochratoxin A 
and fumonisins using RIADA SCREEN FAST Ochratoxin A and RIADA 
SCREEN Fumonisin (R-Biopharm AG, Darmstadt, Germany). The de- 
tection limits of these mycotoxins are 5.0 ppb, and 25 ppb, respec- 
tively; neither of these mycotoxin types were detected after cultivation 
of the strain MPT1 (data not shown). Although the strain of A. niger 
propagated on the tea leaves did not produce mycotoxins in the 
present manufacturing process, it is very important for production of 
safe Puer tea to prevent contamination by other strains of A. niger 
which may produce mycotoxins in the fermentation process. 

Polyphenols, one of the most characteristic components of the tea 
leaves, began to decrease in content at the end of the first phase and 
continued to decrease during the second phase. In the case of black tea 
fermentation, polyphenols contained in the fresh leaves were oxidized 
and transformed by indigenous enzymes (Baruah & Mahanta, 2003; Li 
et al., 2007). However, in the case of Puer tea, the indigenous enzymes 
are inactivated by heat treatment beforehand. Therefore, it can be 
anticipated that the polyphenols are oxidized by enzymes derived 
from the microorganisms appearing in the fermentation process. Con- 
currently with the decrease in the polyphenol content, band a in DGGE 
fingerprint, related to B. adeninivorans, became prominent. B. adeni- 
nivorans was first reported as Trichosporon adeninovorans when it was 
isolated from soil (Middelhoven et al., 1984). Four strains of the same 
species, which are xerotolerant, ascomycetous, anamorphic, arthroco- 
nidial, and nitrate-positive, were also found in humus-rich soil, and 
genus Arxula was proposed for the classification of these strains by Van 
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der Walt et al. (1990). Finally, Arxula adeninivorans was just recently 
classified into genus Blastobotrys by multigene phylogenetic analysis 
(Cletus & Christie, 2007). B. adeninivorans grows on at the expense of 
several benzene compounds, and it has been demonstrated that 
NADH- and NADPH-dependent monooxygenases and dioxygenases 
are present in this strain; in addition, some phenols and hydroxyben- 
zoates are degraded via gentisate (Middelhoven et al., 1991; Mid- 
delhoven et al., 1992). Therefore, it is feasible that the polyphenols in 
the tea leaves were mainly oxidized or transformed by the enzymes 
produced by B. adeninivorans, although it is possible that the spon- 
taneous chemical oxidation of polyphenols with air under high- 
temperature conditions may contribute their degradation. 

In addition to xerotolerance, B. adeninivorans has other character- 
istic properties such as thermotolerance and halotolerance (Yang et al., 
2000). These properties agree well with the fact that B. adeninivorans 
becomes dominant in the low-water-content and high-temperature 
fermentation process of Puer tea. Furthermore, B. adeninivorans pro- 
duces and secretes several extracellular enzymes including proteases, 
glucoamylase, acid phosphatases, trehalase, cellobiases, invertase, xy- 
losidase and phytase into the medium during the cultivation, and these 
enzymes show maximum activity at high-temperature conditions 
(Wartmann and Kunze, 2000). Therefore, it is suspected that B. adeni- 
nivorans has a considerable effect on the biological transformation of 
the tea leaves during the Puer tea fermentation process. 

In this study, two fungi that are relatives of A. niger and B. adeni- 
nivorans were identified in the Puer tea fermentation process and their 
roles in the improvement of the leaves were speculated upon. More 
detailed mechanisms of the tea leaf transformation caused by these 
strains should be analyzed in subsequent studies. 
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